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ABSTRACT 

This paper  presents  the  results of  two  160-  190  GHz  monolithic  low  noise  amplifiers 
(LNAs)  fabricated  with  0.07-pm  pseudomorphic  (PM)  InAlAs/InGaAs/InP  HEMT  technology 
using  a  reactive  ion  etch (RE)  via  hole  process.  A  peak  small  signal  gain  of  9 dB was  measured 
at  188  GHz for the  first LNA  with a 3-dB bandwidth  from  164  to  192  GHz  while  the  second LNA 
has  achieved  over 6-dB gain  from  142  to 180 GHz.  The  same  design  (second  LNA)  was also fab- 
ricated  with  0.08-pm  gate  and  a wet etch  process,  showing  a  small  signal  gain of 6 dB with  noise 
figure 6 dB. All  the  measurement  results  were  obtained  via  on-wafer  probing. The LNA  noise 
measurement at 170 GHz  is  also  the  first  attempt at this  frequency. 

INTRODUCTION 

Millimeter-wave (MMW) LNA's are very  important  components for smart  munitions,  pas- 
sive  imaging  and  radiometer  applications. The PM  HEMT  devices with both GaAs and  InP  mate- 
rials  have  demonstrated  high  gain  and  low  noise  capability  at  W-band (75-1 10 GHz)  and D-band 
( 1  10- 170 GHz)  frequencies  for  hybrid  integrated  circuits [ I]-[2]. High gain,  low  noise  amplifiers 
have  been successfully  developed up  to 160  GHz  [3]-[6], [lo]-[14]. For the frequency  range 
above  120  GHz,  InP-based  HEMTs  are  superior to GaAs-based  HEMT's for amplification  due  to 
the higher  electron  peak  drift  velocity in the InP based  HEMT  devices. The MMIC LNAs fabri- 
cated  with  the InP HEMT  MMIC  process  have also achieved  high  gain  and  low  noise  figure  per- 
formance at lower  frequencies.  Examples  include a Q-band  (44.5  GHz)  two-stage  balanced LNA 
exhibiting 2.2-dB  noise  figure (NF) with 20-dB associated gain  [7],  and  a  W-band  four-stage  bal- 
anced  amplifier  with  a  small  signal gain  of 23  dB  from 75 to I10 GHz  [8].  A  two-stage  cryogen- 
ically  cooled  W-band  LNA  also  exhibited  0.7-dB NF at 95 GHz  with  12-dB  associated  gain  [9]. 
The motivation  of  this  work is to  demonstrate  the  feasibility of  MMIC LNAs  with  better  perfor- 
mance at higher  frequency  via  the  improvement  of  device  and  process  technology. 

This paper  describes  the  design,  fabrication,  and  testing of  two 160- I90 monolithic two- 
stage  balanced  amplifiers. Compared  with  the  previously  reported  InP  HEMT  MMIC  LNAs  [SI- 
[9], [I 11, [ 141 fabricated with  0.1-pm  InAlAs/InGaAs/InP PM  HEMT technology, this work  has 
the  following new features in "IC technology: (1)  0.07-pm  gate-length  HEMT for higher fT 



DEVICE  CHRACTERISTICS  AND "IC FABRICATION 

The two 160- 190 GHz "IC LNA chips  were  fabricated on a  2-mil  Fe-doped  semi-insu- 
lating InP substrate  grown by  molecular  beam  epitaxy  and  employ  0.07-pm  T-gate  InP  HEMT 
devices.  The  InAlAs/InGaAs/InP  HEMT (In0.65G~.35As channel)  process  follows  the  proce- 
dures  reported in [2], with  an  additional  wafer  passivation  and  stabilization  bake  steps  introduced 
to  the  MMIC  process [I 11. Figure 1 shows  the  InP  HEMT  device  layer  structure.  The  target 
device  pinchoff  voltage of  -0.25 V with  the  voltage  at a  peak  transconductance (Vgp) of 1000 mS/ 
mm, are  attained  with  a  unity  current  gain  frequency (m of  220 to 240 GHz,  and  a maximum 
oscillation  frequency  (fmax) of 500 GHz.  For  the "IC process,  precision  NiCr  resistors with a 
target  resistance of 100 msquare and  silicon  nitride  MIM  capacitors  with  a  target  sheet  capaci- 
tance  of 300 pF/mm2  are  used.  After  processing  the  front  side,  the  wafers  are  lapped  and  polished 
to 50 pm (2 mil) thickness.  Ground  via  holes  are  etched  using RIE technique  and 3.5-pm  gold  is 
plated on the  backside of the  wafers  to  complete  the "IC process.  Detailed  information of  the 
new  MMIC  process  will  be  published  elsewhere. 

DEVICE  MODELING  AND  CIRCUIT  DESIGN 

The  linear  small  signal  model  for  a  0.07-mm  gate PM InP HEMT,  used in the 160- 190 
GHz  LNA  design,  was  obtained  from an estimation of the  existing 0. I-mm  gate  HEMT  equivalent 
circuit  model [14] by scaling  the  critical model  parameters  such as Cgs, Cgd,  Rds,  and  Rg,  etc. 
Therefore  there are some  discrepancies  between  circuit  simulation  and  measured  results.  The 
device  model  should  be  reinvestigated by  measuring  the  device  small  signal  S-parameters  to  high 
frequency. 

Figure  2  shows the chip  layouts  photographs  with  the  chip size of 2.4 mm x 1.7 mm  and 
2.6 mm X 1.7 mm. Both  of  the  amplifiers  have  two  stages  with  each  stage  being  balanced  design. 
Each  stage  uses  the  two  gate-finger  30-pm PM InP  HEMT  device for low  gate  resistance  and 
gate-drain  capacitance  to  have  high  device  gain  at  the  desired  frequency (160- 190  GHz).  This 
device  has  a  maximum  available  gain of  about  7.5 dB at 180 GHz. The circuits  utilize  a  simple 
quasi-low-pass  topology to minimize  the  uncertainties  in  the  analysis  and  modeling  at  such  a  high 
frequency  and  thus  reduce  the  design  risk.  Each  amplifier  uses  four Lange couplers  for  the bal- 
anced  design to improve  the  input/output  return loss and  the  amplifier  stability.  The  first  one  is 
designed for high  gain  at  180-190  GHz  frequency  range  while  the  second  one  is  targeted for a 
wider  bandwidth  from 150 to 180 GHz.  The  input  and  output  matching  networks are all con- 
structed by cascading high-low  impedance  microstrip  lines  on  a  50.-pm  thick  InP  substrate  in 
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AMPLIFIER  MEASUREMENT 

The 160- 190  GHz  MMIC  LNAs  were  tested  at  a  140-220  GHz  network  analyzer  via  on- 
wafer  probing.  The  block  diagram of the  measurement  set  up  is  shown in Fig.  3. To  make  the 
measurement, we input a  swept  frequency rf signal  (with  a  frequency fi between 1 1 and 18 GHz) 
into  a  multiplier,  which  multiplies  the  signal 12 times.  The  signal, now  between  140  and  220 
GHz,  is  fed  into  an  attenuattor  to  prevent  amplifier  saturation,  and  then  onto  the  DUT  on-wafer, 
using  D-band  waveguide  probes  from  GGB  Industries.  To  down-convert  the  amplifier  output, 
after  the  output  probe, we  used a  harmonic  mixer,  driven by a  local  oscillator with flo=fi+20 
MHz. The  amplifier  output  mixes  with  the  LO  to  produce  a 20 MHz IF, which is  amplified  and  fed 
into  the  network  analyzer. To calibrate  out  the  system  response,  the  amplifier  signal  is  compared 
to  an on-wafer  thru-line,  and  the  results  are  shown  in  the  gain  vs.  frequency  curves of Figure  4. 

The  small  signal  gain  from 140 to  200  GHz  of  the  first  LNA  is  shown in Fig.  4(a). A peak  small 
signal  gain of 9 dB  was  measured  at 188 GHz for the  first LNA  with a  3-dB  bandwidth  from  164 
to  192  GHz.  For  the  second  LNA,  Figure 4(b)  plots  the  small  signal  gain  from  140  to  200  GHz 
showing  over  6-dB  gain  from  142  to 180 GHz.  The  dc  bias  for  the  first  LNA  and  second  LNA  are 
Vd = I .25-  1.4 V with Id = 32.8 mA and Vd = 1.3- 1.41 V with Id = 42.8 mA. The  dc  power  con- 
sumptions  are 43.63 mW and  58.41 mW, respectively. 

For  comparison  purposes,  both  of  the  amplifiers  have  been  fabricated with a 0.08-mm 
gate-length  HEMT  and  wet  etch  via  hole  MMIC  process  on  an  earlier  wafer. On this  previous 
wafer  the  first  LNA  achieved 7.2 dB  gain  at  190  GHz  and  over 5 dB  from 170 to 194 GHz [ 151. 
The  second  LNA  had 5 dB  over 152 to 180 GHz.  Generally  speaking,  the  amplifier  performance 
from  the new  0.07-pm  gate with RIE via  holes  are  2-3 dB better  than  that  from  the  earlier 
attempted  process  (0.08-pm  gate  with  wet  via  holes)  under a similar  bias  condition.  The  second 
LNA (using  the  0.08-pm  gate  and  wet  via  hole  process)  has  been  measured for noise  at 170 GHz 
and  demonstrated  a  noise  figure of 6 dB with an associated  gain of 6 dB, also via  on-wafer  prob- 
ing. This  is not  only  the  first  attempt  of an on-wafer  noise  figure  measurement of an LNA  at  this 
frequency, but also  a  significant  noise  performance of  an  LNA compared with the  previously 
reported 155 GHz  LNA  noise  figure  results (5.1 dB NF with gain of about 4 dB per  stage)  [14]. 
More  measurement  and  modeling  results  will  be  presented in the  symposium. 

SUMMARY 

We  have described  the  design  and  measurement  results of  two  160-180  GHz  monolithic 
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low  noise  amplifier  using  0.07-pm PM  InGaAsAnAIAsAnP  HEMT  technology with dry-etched 
via  holes.  The  first  monolithic LNA designed  for  higher  gain  exhibits a small  signal  gain  of  9  dB 
at 188  GHz,  and  more  than  6  dB  of  gain  from  164  to  192  GHz.  The  second  LNA,  designed  for  a 
wider  bandwidth,  has  over  6 dB from  142  to  184  GHz.  A same design of  the second LNA  but  fab- 
ricated  with 0.08-pm HEMT  and  wet  etched  via  holes  shows  6-dB  gain  and  6-dB NF at  170  GHz. 
These  results  define  the  state-of-the-art  performance of highest  frequency  MMIC  LNAs  to  date. 
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FIGURE CAFTIONS 

Fig. 1 .  InGaAs/InAlAs/InP PM  HEMT  device layer  structure. 
Fig. 2. (a).  Chip  layout  of  the  InP-based HENT LNA  (ALH250C) with 9 dB  gain  peak  at  168  and 

188  GHz. 
(b).  Chip  layout  of  the  InP-based  HEMT  LNA  (ALH252C) with gain greater  than  6 dB 
from  142 to 180 GHz. 

Fig. 3. Block  diagram of the  140-220  GHz  network  analyzer  test  set. 
Fig.  4.  Measured  small  signal  gain  of  (a)  first, (b) second,  MMIC LNA vs. frequency. The bias 
conditions are Vd = 1.25-1.4 V with Id = 32.8 mA for the  first LNA  and  Vd = I .3  1-1.41 V with 
Id = 42.8 mA for  the  second  one. 
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Fig. 1. InGaAs/InAlAs/InP PM HEMT device  layer  structure. 
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Fig. 2. (a).  Chip  layout  of the InP-based HEN" LNA (ALH250C) with 9 dB gain peak  at  168  and 
188 GHz. 

Figure 2@). Chip  layout  of  the  InP-based HEMT LNA (ALH252C) with gain greater  than 6 dB 
from  142 to 180 GHz. 
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Fig. 3. Block diagram of the 140-220 GHz network  analyzer  test set. 
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Fig. 4. Measured small signal gain  of (a) first, (b)  second,  MMIC  LNA vs. frequency. The bias 
conditions are Vd = 1.25-  1.4  V with Id = 32.8  mA  for  the  first  LNA  and Vd = 1.3 1 - 1.41 V with 
Id = 42.8 mA for  the  second  one. 
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